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SlJ1. 'ARY 
An pl~ctrical-r81a.v rirc:uit that \1S8:3 cyl inier thpr:nrcc lr1p,S 
CiS the pri"nc.r y olor;,erlt fer iLriicatinf; C ~ir.:n.i..t j cr, (':c' r;}isiirinr in 
an aircraft enrino i.e; df':,c:'io~c:. c I~ it:3 -rU'3 r-':. .fc :'T". tr~ J !"l0.ice:.tcr 
vias used cn a lc -cy~injpr '.i::pli::)·-c,:>('le'!. engi,w 'cu -,"'1. ~n '1 dyna -
mometer at,and , but :1-e c:ir-~'li.t r: .. 'inciple is -=q' lllv J.? lic:.bl r to 
any pngine . 
Cn tre test er.;;in-:> t '8 inclicat'(T •. r VO ':s.Y'P""g, oy mer.ns of a 
syst'2!:t of pane] ligr:t S , \' [nrl all..,' cylinrll r var';'P'i rr;"rp t,n3.L 3~ c : ('D 
eltt"'r S"L~':P of its nrrrn"l.l '=';:,erat:'I.G te'T,''''~atnl'p . It alc-o ':"Lic:at"'i 
which cy~,inder was r.:alf-.~r.r ',.io:1int' ar,d 11!,::;t' (-:' t:18 cvlin-:l~r was t "' o 
hot or too cold . 
Tn ttp C("lrs'" f)f' tsst.:- c~ndlctoCl ;.t t~-'" I.'":.l. Clevel'1.nc lat-- c-
r at,cr:v fer tre dptor~jnati:m of cl,s l-:l1roc!"-li.°it,~i 00', or rof ~.ir'raft 
en; in~s ;it [,irrh 0
' 
q,uts , it v,as clPGf'S3'tr'T t inJ',r a''linst "'r.~i.np 
fa~lures rgsultin~ frc~ preignjtLcn . ~r~L~o fa~:lr~ f~n~ Dr~lrniti0n 
is part':"cul arly in~i :iO'lS rECLUS" it e1.T. r·c.: 11 ;n 1. fr1, SI"C~"l'i::; '.';ith 
littlF or no l\arnin.; . :~or thi.s >"p.q::lCI'; t':e "'ri~ar r~q"i"it.~~ of a 
S-lr:c8ssf'11 rreigniti"l1 'n'iicater ar' .q stJrt r ,1 C!l2e t" 'lrlG thl') 
at,iIity to give a rO.:iii:ivc i iiCltiJP r .-!'''.1.(1'!,1. i n '~!1C' u~t.ir;-ate 
ai.ffi is an instruT'Ien~ f0r ex['?1'i.".rrtal .L'lifrt tP3t: the. i~ 11f;;n'.. , 
r uggp.d , ani rpliahl~ . 
Pre;'sur':)-actU3.tp·l knock-'iet~ction f':].11ir~prt r'1.S reen US':)l: by 
tho Uni'Vrl 11.i1' 1in':>5 ar.' 3~al1c,ar .. 'il ~orr.par:J ~ C tlif0rr:i3. to ir:li-
cat") th" E.'Yistence cf 'Greign'i. t,j,ll , 'ollt, ide in8 a~ 1 it ion \.)f kncck 
pickups rp'iuire.? ~cnsi ier lble en~i:1C1 ::.:ldificat LO:; aDJ "L t li";'l i ':1 -
c·')olect png.tnps to:i3 'odifiea t ien i3 ge"lC'r'tlly L"ll:-r'h. t,; '- '3.b1e . 
..., 
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A "0r'~ig.ni ti0n indicator 1.,h1.1., uses thermocouples f r the pri-
mary element v'as testerl on a sing19- cyli 1 der Allison en iue and a 
l2- cylinder 7- 1 nO Allison enginE" mounteJ 0.1 a dynamometer stand . 
This inuicator , which prevented dalnagc to th 12·-cylinder engine 
by consi.s:,ently giving r"lli'3.ble vrarninr of preiz,ni tion , is 18S-
cribed in this report . 
T}lat pro:;ignit·i.on Ip.'3.'ls to a g~neral ris0 in cyl ind2r tempera-
UTi; is Nsll k'lov,rn . For good S811Sitivi..ty , therefore , a control 
point. for t L ~r·nor.;,ouple installation shoulJ be chosen l..ha1., n~sponds 
r'"'.pidly to th'j s terr;'Jera tun~ rise . Because of cyl Lnd'~r shape sone 
locations are i'1ClCCessLble , a control point wa~) selected , however , 
betv[een the t"iO exhi:l.nst- vaJ v. 5 ~ats of til'") s:i ng1 (~ -cylj nd'r test 
engine :lnd a th'1rmoco~pl·~ ,HS ins talltd to checl: .L ts temperature 
reS t)On8" . (0813 fiG ' 1.) 
In these tests , prpi;ni. U.on WiS induGe' bI a hot spark plug . 
A. reliable inclic:ition uf thr> sLirt of pr,3if;n i tion ':fad ootained vlith 
a p·i.ez081ectric pr-:ss1l!'E' pj ckup and an osc i Lloscop" oy obs~rving 
the hor' z')ntal shift ·i.n t118 pn3ssurc tl'lC;, In or~l.t:;r to ch3ck thc 
responG·' , pr3i..gni.. ti0n was i:1Lluc"d a 1., a varir,1.,y of -::ng.Lnc cordi tio. s : 
the fu..::l - ai.r raLi.o wau varid ron o .n6S to 'J . lCl9 , the bra!ce mea'l. 
eff.:;ct-i.ve pressure ',Iac; vari 3d f1'o'1 123 to 3J.l l)ounds pt:r S -iuare ~nch , 
and th-3 engine sliced yms val' lid. from 1600 to 3,)()O rpm. Undrjr ev. ry 
typo of condition , the cylind--r - h:b.d ternp"'r'lt.ur ~ began to rise .'lith 
the ons·t of projrnltion . 
M:1.,hods of Indicating Proignition 
Tn the 'ltiliz'ltion of Vl.e tenDCrA.t'.lr '"' ris,> for indicatin prc-
i..gnition , an i'1strllffiinlL can O]:.E-r ltc' 3ith"r on tho ratl.; of t~m, (··ratur e 
rise or on the 1.,otiil_ jncrp.:lS8 in t0mp"-raturr- at;ovp tl1e normal tem-
nerat.!lr8 fer V18 given '3n,.:in8 c~ 11\hti )fIS . ':'he util i..zation of the 
r8 Le of 1.,elTlPprat'lr8 ri.se "O'11d 1' ;-' 111irr> vacuum tubes a,nd , ev""n if the 
sim!)lest yaCl111m- tllhe (; ir :ui t '!.-eI'P used to protect a ,i ven cylinder J 
a circ'~i.t wLth t'le r81uired rpctifter powE'r SUDI,li.es to accommodate 
cad', c~rL i.nd~r of n T'lultic:yli.ndeI' ,:ml:';i.~le v.'cald res'llt in a compl..i.cated , 
hp:3.vy instrulJent . 'P1P U3P oj' V;.e ratp of tr:>ml)('ratur~ r·!.se V:dS tl1ere -
fore aba:ldonf)( in favor of a s'~ns dive mr!VLng~coil circuit th.J.t can 
operat,::; on the tct"ll emn"'ra1.,urc incr2a~)e . 
The usC' of thR totll incr8as.] i t(~!'i!rerCJ.tur2 ns 'm indi';d1.,ion 
of pr,"i!!,nitLon T:as fi:J.'st ch,~ck~ci on tJ.,e 12- cyl'ndp r test <;r:glne ·,vi.th 
&.n ind Lea tor employj. n, liL~ht-be<.lm gal val1o[w.,t(~r::i . 1'~1':) vt,l tage for 
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e"l.ch [3.1 Van0'11eter ca:::e f r on th8 dilfer,ntia11y conn2ct,t.::d th9rmo-
coup18s of a Du.ir of cylinders; thus , C gal van~m3t Jrs rrClt3cted 
3 
12 cylinders. The systOJTl functioned satisfa.ctorily but th", chi2f 
disa;Jvarltage -,{as that. when the first cyl ir.der of a pair ,:'3.S colder 
tLan normal b8caus8 of misftrj_ng, it no:'vcrtheless gav8 the i .ent,ical 
indication that the second ci l ind:.;r of the pair gave if the ,:K:cond 
cylinder 1J'!dS hotter than ncrrn~tl.. Also, in this circuit., indicJ.tion 
vrlS not automatic a:1(l a1 obs9rv3r was re'1ujrG':i to kpep constant 
vratch during tests . l'!egligence on the part of the obs.:rvc;r for only 
a f ew s :::con'ls could bs sufi'ic "Lent to allow Gngim~ failure. 
Thp.ory of ODGratiOl1 of S;;nsitivG '!oving-Coil Circuit 
In th3 inoicator that "\',-3.S d,:::velop-y~ to prOVi:13 a ~or,-~ n .lrly 
autor'latic syst.%, thr-,-. C;{' inrlers fU~lct.ion as a unit. If th, t"mp:;r-
atur0 of onp of t':l~- tlw"e cyl i..nd· ... rs is appreciab2-y 10'w'r or r"if;h2r 
than th J oth,"r tvn. t hE"! in1ic l. tor wil L Gi vo a '''3.rninr; 0 Th" c'i rcui t 
utilize's t:18 Smsi trol reb.y mA.nufa:::tur~ d by th'3 ," :st on El (; t.rical 
Instrum'nt CorjJoLlti..on, 'I11is r',l'1Y is ess-:r.ti3.11y a cC'llbi'13,tion 
milli.voltmet'''r and r,l1.Y :md , a5 ShO'fVl1 by th3 sirlplifi"d circuit di.a-
grarn of f _igure 2 , the <i"fl "cbng- coi1 voltaf:J of ~'1.ch S.=n:sitrol relay 
is obtained from tv 0 ciii'L;r(',ntially CO!1l1.3CtEd tlL:rmocoupL's. 
"jith the r~l3.ys cmm·3ci..ed as s~o"m i'1 fi.;ur 2 , if on~ cylirldrr 
is hott::n' tllan t~e other tyre in a Sl'C'l J , til", \Oin1,I:.1'5 of tv:o rJJ.aY1::) 
will deflect to't'ard ~C:.ch o·th· r ; simil rlJ, if on\.- cylir.j:1' is c~ Lder 
than the oth~_r tHO s tL3 pJ;Ltr;rs cf t'.YO rr.:>lays will dvflect avray from 
each othpr . 1"urt11crmon, th0 co1lbinat .. ivn of dEf,-6(;tio[,s caus '-,- by a 
giv:m hot or cold cylin'i'3r lS unique . 
As an LX3.mpl0 , aE;S\ill(; cyli nder 3 Dr_ip1itas ani i3 th8r :fore 
hott.:;r than c,llinciLrs 1 and 2 . (Sec fi.; . 2 . ) Co.rrvnt VI.i.ll flo;-: from 
c]linrler 3 to cyl ind ,1' '2 , tl.ro h t~c d~fL;.ctin~ coil of r IdY 0 , and 
back to cylj nd .r 3 • {noth r current will flow froll cylindt r l to 
cylind8r 1, t'1I'ongh 1,h-; cOLI of r. lay C, an:1 ba~k to cylind ~r 3. Ih3 
p')intJr l"ri 11 d ·fl(jct c.-way from til ~ t 'rrni r1al thrO'1f;h wh~_ch 1,hr curr~nt 
enters th:-; r~,l'1y by croosinp 1..h3 corr 3Ct r~lativ_ dj_rJ('.tions of 
d _fL:cti g- colJ. -:i.nding and pr:-r'~an.;.nt n','[,nl t fi'll of th~ Sensi trol 
r~lay . If this assu_T1.:Jti.on is rua~L . th~ point .... rs of r'lays B 'lnd C 
will deflect to\'ard ach other a'1d contacts 1 a!1d )~ on r:lay 11 and 1 
dnd ~ on r,'lay C ,",'ill b ... conl1._ct...:d . Tl1is c'-:ID:.ction is uni~'JE.; no 
othGr hot or cold cyUnd-'r I'[ill s·,t lcp this com~ irntion. It is th""r2-
fore possibh .. to corm2ct ,varnir,g circuits t,hat will inciic1.t..:: any hot 
or cold cylinj ,r . 
It shonld b·;, !)o.i..nt.,d out , l.or:;-',T(·r , that a r'lls, ~'J',r!1i'1g ','ill be 
gt V? 11 if t·,!O of th:- thr ';'.~ cylindJrs in My s,~t sho:.11d f;im:.11 tan."ously 
L 
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prpigrrLte . For instanc0 , if cylinders 1 ':iDd ? preirnite , th8 indi-
C':l.tor 'vi.l1 sho\', rnisfirin , in cylinrJe r 3. Tl1e poss ibility of the 
OCCllrre'.1ce of thi.s con'hlion is consi.lernd to be rej.1ote . ,-,. condition 
r:Dro 1ikel;/ to occ'r L, simulta:1p.oJ.s Ini.~fi.ring in tv.o c;/l:;'n ~lers ; the 
indicator 'iii 11 then er ~'oneousJ.y in Ii cate Dre1.~il L tion in ',he third 
cyli.nd9r . 
Fy ti18 methor} of connection s11ol'."1 in f1.gure 2 , two li:nits ar e 
s~t on cyl-i.ncler operation with a sing18 rel~y for 9..!.ch cylinder . 
i3·::>C'l~..:.se tV';c or m")re r ~LtyJ are r"" luirerl :vit11 more cOD"!"'ntio'1al method.s , 
the p.:mel is ;:r'eatly s1.mplHied ;)nd ma-l:.eri.aLly redu<-ei i'1 '.'r,,"igl1t, by 
this Y"icLhod oJ.' conn8cti.oll . 
Descri;.ltioll of Rcl:J.Y 
Br;ca.~.we it is poss ~blo to obt:3.in je'1si troJ. r r;laY5 'id. tr-: vaJ'1.oQs 
l'lodific'.'tions , the dCSC1' i )(,1.on i'lilt f')lloIVS '.rill nec'ss.J.ri1I be 1ir.1ited 
to the r':;l~lYs uSL,d in ln8 .Ln.llc,:lt,ol' . r1 h'l r 'li:l.J cons Lructj,o'1 i~ such 
that, tIle i.'i.uicati.mj poLnts!1' c108813 ·".n ,,1 "ct.1." LCJ.l. cont 'lct at either 
an 1.ncrea3inp,; or a Jecr<?J.3ing val 113 of in')ut volt~Ge" Positive con-
nection is provide 1 and c0attcri.i.J.f ..:·e t:. .,-.rJ!l C ')X·t'1.cts i.:., oli:'l..n'3.t ~u in 
toe Sensitrol roLaJ by t ;,ro s11'3.J.1 p~l'cn!."'1t m.:lf'wt.s t 11dt sprve df: tte 
fi.Xt~d cont'1ct,s a,hi a s'.all iron l'i18r (J~ t:'d p)int'!l' '.,},'1 1 serve::.; as 
tl.'3 movi..n~ contact. 'T:le C8'1sitrol is il .Locl~i.n';-ty,x~ r elay :lnd a 
sol':moi. res8t mechS;.ni~r.1 is jJr vij;rJ for JL;c-mfl; 'lging the point,":>r rom 
tlie fL '~'3d m.'l:4l1'=:tic CC~lt.q,C t . 1,'fh8C sufl"' ci·"'Il1 .. in Jut vOL t'l'~8 has been 
apI.lie 1, thc; deflectio'1 of tll8 pOil1t31' pLIC8~ tiie iron ridsr yY1. t'lin 
cont,rol of t: e T:lagnntic l'ield of tt'c fix~ci c,mt2Lct , w!lich attracts 
th8 pointer through th.:: r '-,st of th(' dist'~ilce a:lu acco~npLi sl1es contact . 
indica or Circai~ 
T'1(> ;].ct .lill cirC11 i.t usw.l. \n t:1, inJ.-i. ..:ator com:)1.et0 "ri.t,l-) v':3.rning 
cirG,)"l'ts ts srown i.n fir'l)"':'! 3 flJr '1 s t of thr'r' :::'(:;n::,itrol relays . 
'Ibis circ'r~ t Vii 1 'lCCO::1J'l')Jg,1..; 'lJ J' -..;ngic:J h':i ling aD in i,t'gr').l mu'l tl',le 
of thr -". CJ 1 ind 'rs ; J. OtT ~l1C:l c Lrcll:.ts 'rere 11 '<)r1 O~l 1".0 12- cy.l i.nd ;r 
t'::~t e~lg'i"'L() . "h""!n cyli.r!v'r 3 is pr 'iirriit.: n.' .1" •. :e1' t n c'D,Ltions of 
th'3 eX'tm r)l8 rrnvLr:.'lf:l./ d~SC1".iJ).3..1 J Uy, ~ J_vol'l PO,V-I' [3Ul)~ly '-fill 
mr;q;ize Uw r o Lay 3H tlJfOU ~h UYJ ~\;n:;i troLs .t3 ... n 1 C an t a ,yarning 
lis;ht , controllyl bJi r·lJ.Y 3~IJ "i.l:l. i '1thc:lt) Pl'tt c ,linier 3 is hot . 
Figure L is :i pllO o~r1,Y)~1 of 'Un r::t',nl us d Ii til tn, 1?-c,r1i.nder t ~ st 
nnbin:~ insL;].l.l~t.i.:m anci sho':!s tno\\',wni'1d' Li..-hts and the 3~nsi tro1 
r e.l:lY diJ.ls , 
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':'~e ;'iarning lights vere operated through intermedia.te r~lays 
b~cau: .. i<'3 t.he S8;:lsitrol relay contact;:; arC" 1 i.mited. to r; vratts at 
5 
110 vol ts , (See fj .. g . 3.) Each intermediaLe relay is a d :mb Le- '101e 
midget .relay, vfhich has a r al.,ing of 30 milliam.,?eres at .. L1 S volts a-c. 
but. "w"hic~ dill ofY>rate reliably at 8\) vol tt, . nly one p'J1Fl is 
I'8'luir8d for the li .. g!1t- Narning circuit j the other pole mrlY b~ used 
to Oper'lLe a buzzer or som9 ot1.ler Sur ..'I,lernentary warninc device. 
'lhe three- phase p,Jwcr supply f or the \farnine;; ci...rcuit was 
obtained from a 110-vol t sillgl_e-phase source . (See figs . 5 a'1d 6 .) 
'The 9rim8.ry of an isolation transiorrner of 1:1 ratio "[a~ coml"cLPd 
to t!v' 110- vol t sou:r(~e . The two i dentical 110-volt s_coniarir::s 
forma i '3. thl'(")8- pr,af,9 op8n- de 1 La system ~'rhen connpcterl to sui tab' 8 
v'3.1 u9s of re.sistance, inluct'3.nce, and capacitrmce . 8P'lCO ,;,aG s J.'led 
by usi.ng the prim3.I'Y of t,ll'~ warning- light tra'lsform'3r for the 
inductance :L . 'lho C01T '~ct inductance 'Tl.El obtained by r8st.'J.cking 
the tran:lJ:ormer core an"l l ·"):..wing a small ::tir rap . 
Cal...ibration 
A bench tpst y'as rn·1..Je in ·.;hich an 'lct'lal (mgi n0 indicator \';.1S 
simulaterl by conn8ctinG a]ul'li:urc-const·1ll"!.3.0 t hr>rTnl)cou)1.. '5 to the 
Sensi trol rf)la:J's as sho,m in f'i gurr:~ 2 in )r--ler to de (.ermine the tem-
perature differr:m'vial r.3 .. 1uire.l to operJ.t.c toe 3en",i'Lrols . Aluminum 
wire rilther than alum~nu:: alloy 'IdS US2 .1 0 "ea ISE' no Y:lat<::ri...al having 
t hc COY1pOS i tion of the test cylindpr 1:18.1.'1 ',1as .1.vaHabl'3 . Another 
purpose of thi:J te:;t '"as to demonstrutt:;) th::.t the temlJen.ture ' iffer-
entials requirJd to operat8 the Sens i ti'ol r-lu.fs are subs t.!J.nt i'illy 
unaff9cted oy the br<.1.:.is ~'Iire b'.:Jc"nsc, in the engine installation 
describ'3d b.ter in tn3 rr.~port, br1ss Yrir8 i;:, t;S '31 tially in parallel 
1[,i th the alumin'..l.rJ1- Cllloy legs of the Vlermocouples . rnc test r~sul ts 
sho'fl1l in table 1 w"r8 obtained by dL't~el'entiqlly "lcc.:.tJing "three 
ul umL u::,- const.ani 'll1 couples v'10se junctions were jOi;l(Jd "\.i th brass 
wire in one i!"iSt.3.rlC(; but n:)1.. in Vw at> ~r ; tho; re ul tos prove that 
the Sr:msitrolc are l.i.m_ff~ct8d by the br·l..,s \ ir0, 
T hl,)r;'l·:lC oUljl.~ :: viit} ,o,lt I 1h ' I'm )CO 1')188 ;iith 
Cyl ind.-or 
br ':3.5[,; 1:;i.re br~:ss ":iire 
~Tot I Col i Hot Cold 
(or. ) (~,) ( 0:;) (Of ) 
- -
,-1-------
1 27 .n 32 .5 I 2r' •. ) 3Lc; 
2 32 . ~ 27 ·0 I 30 . c' 27 ·0 
3 29 . 0 28 . 0 I ""D . C; 29 .0 ,/ 
------' 
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T;1e indicator pas partly r"3calibratr:;d after it was ins talled 
on the 12- cyFnd"r test engi:1e by inj8ct ing water into ind i vidLlal 
cylinders . The drop in temnerature r equire:l to operate the indi-
cator ran"ed fro::t 23 0 r to 340 ~t' a: d closely checked the val.ues of table L 'lhe ternpe:cature drop r eqLlirect ior a hot- cylinder ccmdi tion (simulated by the simultaneous injection of ':Iater to the other two 
cylinder s of a set,) checkod "!it~in 20 F the values previously found for the sa~e cylinder . 
Although it require s approximatel;y 4 seconds for the Senso·_trol 
r elays to make cont:.J.ct after aiJplication of lSO percent of full -
scale voltage , the speed of resnonse is ade-luate. Unpublished data 
.frcm the single-cyl ind?r engine uS'3d in the preliminary tes ts sharf t:13.t the r ise in cylinder- he:ld t8mperature ranged from 3. SO F to 23 . 20 F per second . If the temtJ8rature response ,'las at the 10':rest, 
rate of 3050 F per second , it "Jould re1uire approxi.m'ltely 1(\ seconds to reach the triopinb temperature> of tJ-le :-':ensitrol r elay . The 101.',er 
r'3.tes of teITpo.r:lture rise ::1r'-o.' , hm;i~ver , at the less severe engine 
conditi ns (low engine ::mo.ed or 101'.' bmep) 0 In one test on the single-cylinder engine , orr;ir,;ni tion was allm,'ed 1:.0 conU_nue for 11.1 seconds , dur ing 1,:hich the tem;Jer,'1.t l.1.re r esE' [~? o 1" , 'it fai rly severe engine c on-ditions (<;l1['ine 3c80d , 2!jJ0 rpm , b;!lGp; 3,Yi llJ/srl in . ) j no engine da.m~ge occurred. 
Ti~r~ocou0le Installation 
In a currpnt test inst'l.11ation on the 12- cylinder engine , iron-constantan thernocouples loc'3.ted as sno-·m in figur2 1 are used in 
conj'l[,ction 'Nt th a [lct'?ntiometer to measure cylinder- head tem:?era-tures . The 12 cons"antan wires of this s,\tstem are used for the pre i bnition in':iicat·Jr to form a thermocounle system of constantan-
alluminum- alloy coupJes havin, the alu!Tlinum- 3.lloy sidE'S common . (See fLJ> 2 . ) The pot.entiometer-thormocouple systp.m has a junctiC'n box ne.lr tte engine and copper "rir'3s iEst3ad of const.;lDt.J.n \~ires are c')n .. nectecl. from this Lox to the preigni tioD indica tor in or , er to 
reduce the reSist.::l.Dce of Ute in.hc~ tor - thermocouple circuits. T .1e therraal vol tJ.~es are not 11J. t8r8 j by th:Ls arrang'''l''!3nt. For the voltage 
'3.t the Sem:iitrol r elays to t)e a;:'I'rox im2.tely equ~ll to the (fener:lted thermocnlple volt a;;es , the r ':'lsistance of the ext.ernal thermocouple 
circui t should be below 2 . j 01 lJ71 s , or .'100ut S percent of t.he ~O-ohm resistance of t he S::msi tro1 deflecting coil . 
T~ermocoilple instalL-lti0ns 1'1ust oe c:1.r;~fully m.:de becausp. an improper or c3.ro.1ess inst~i!l·J.tion can caU3e much trouble j.n th'3 indi-cator oper:tt ion . '1 ne ~oteDtio:npter c ircui ts an~ undisturbed b~cause the iron- cons t'3.ntaD ':".' ires 'lre .firmly "fIe 1 rJ.ed 1:. o_, etl)31' . Peening the 
I 
_
_
_ o ---.J 
7 
iron- crmstantan tb~rmoco'lpl~s directly into holes in the cylinder 
heaJ ';,;8 Ullsdti3fa(:tor~T for the indica~or because vibration often 
causel ~1igh-r':!sistar..ce cr open connections bet"feen the aiu'!'.J.n'lm-
alloy head and the emb(>rJdGCl thermocou~le at th'35e poir.ts. T 1'35e 
high-r~sistance or open connections o:~ten c:3.us8d false indications 
of pl'eivni tion to appear on the warninf system using the li. ~r.t-beam 
Fal vanometers; l-:lowever, thi s tr0'tble was '31i,.,in1.t~d OJ sil v:'r-
solder inp' the iron and constantan wires tc 5,,:,a11 brass 1Jlu!,?;s , i'rhich 
w<?re thRn peened int 0 hcles i.n the cyl.inder he:lds. Satisf'3.ctory 
operation I"as a l so obtained by another installltirm in ''[hich t he 
plups l'!ere inte r connected 'NLth ordinary bra.3s sa.fgty wire to further 
ins'lre a ccm'Jlete the ·roco ;:)18 circuit. Itlthouf'h brass 'lnd alulT'inmn 
have apllro:xi'1lat31y e1ual thermo"'l'-"ctric Dov'ers, i'11.slT'uch as th8 cyl-
inder be'll is marie 0f J.lullinulTl allny , it rna] bp nr~~evJary in sor.) 
installations to select a br"lss wire of suitable corrr>osition . 
Bp ca'I<:.8 t,l'~ nor-nal o;Jpr:ltinf: t, p mp p r1.tu PS of all c, .. -lin ls:rs are 
not eX·1.t.:tly tile sa'1le ill t:-1P i2 -~.,;rlinj·:>r to.S1, 81.f.·ine , it -,.a3 n" ce5sary 
to r es,t the zsro a -l~us t 'ner:t of I~ach Sens L trol relay '11'1.. r j- p enGine 
was runni:lf; nornally c r~ ~xtr2le C';'S~.3 of v:~r ;inc: c l.l.i'1d~r teo .1'81'1-
tl1r~s J it m'.'f be ne~essary ts grcu" s .l"'ctivo 1" t:18 t .t'>rmC'cJll)L~s to 
intercon:18ct cylind L3 h:3.ving si rnilar or rat i[1 ~ tern]: ;ratnr 's . The 
possibility of high elc;ctric.:1.1- r p s:"stanc.: CO[1"-. 'ctions a ,d s'lurious 
therrr;o~lectric volta,-·'s 'l1.:.;.k08 it uELvisJ.cle , ro":evc'r, t,o ir.te.rco'1Ilect 
thermOC01.4/L p s fron, bot'-) bloc1<::> 01 .l V."ty~)e L 1'lid- coolect enbin and 
such a connection shoJ.ld bE:: El'ioiu2d i~' pO.:3siLl_ . 
The indicator '.as 2xtr r:::::ne l y u3-;f:.tl in loc3.'Ling misfiring sT'3.rk 
plu s , l)articul1.rly when th·-=; 12- cylindn r pnGin~ '.'3.S o'~el'J.ting 1".:.th 
1. clos ~d 0xh mst s :rst ~rr: . ·,I.~ .;n >~ tlJC'r sid~ of t,'L dU3.1 igritio'1 '\ ::lS 
sv"itctl.Jd off juring a mae;nc. to check , a cvli~d r cO:lt3.':"nir.g a misfirLng 
plug was indic'l.tnd as b",ing cold . 
.1.1tho'_lgh th e: indicator VI1.S t-:;sted rn only a lL1uid-coc1.cd enri~e , 
it can be us .:d on an air-coo!. !'?). "n ine if a sufficiently r_sponsive 
thermocou:"le inGta.l1qtio:'1 CJ.n b-:. mad~ . Ttis bt='l i.ev~ri that a ther'TIo-
couple> w1,ich in-licJ.t s th·'" 1. ''11?' raT 8 n' o.r th, x:l4a'tat- valv' s at 
wO~lld ,tu3.1ify . 
For installation of t:-:' indicator on a 14-cy1inrt r I"n.:;inv , Ute 
r squisl.tc' int gn.l j'·.u .... t,i~)l of t-l':r cyl ird :r5 for iust 1 l~ iO:1 of 
the in'lic'ttor coul b: simc;.l;lt'~.l b;r illste.lLL::g t vo th r:nocour1cs on 
one of t~ ci1ind,rs . 
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NAO. RB No . ESA.31 
SlPf1ARY OF RESuLTS 
In each instance during a series of preignition te3~S on the 
l2 - cylinder 'est engine , the indicator deSignated the prcigniting 
cylinder r eliably and quickly . In many ()f the runs , after the pr e -
igni t i ng cylinder had be'3n ri8sigr:ated by the indicator , the indi-
cat:'on was checked hy nC'tj.ng the ralJirl rise of the cylinder- hea:i 
ter:perature with a sslf - balanc ing pctent iometer . 
eC·'luse the l2- cylinder englne did not tave a constant- speed 
,antral, preigni tirlD [as detected by a drep in engine speed . CaTe 
is necessary ; !-.owe'ver , to distinguish a normal dr ·~p in sreed , 
occurri.n2; frorri .'3, char.g8 in enl,':ine conditicns , from the drcp in sneed 
caused y preignition . 
Airr:raft Engir.e Res8arch Laborat0ry , 
Nutlcnal Adviscry COffiFittee for ApronauticG , 
Clevelanl , ,)1-,io . 
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Center line of exhaMst uaJu. 
Exhallst s porlt-
pili, bllsltin,~ 
Fllure 1. - Section throulh the cylinder head showlnl location of the thermocouple. 
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Filure 2. - Simplified circuit diagram of preil nition ind i -
cat or. 
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Figure 3. - Actual diagram of preienition indicator. 
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Figure 4. - Preignition-indicator panel for use with Allison V-1710 engine. 
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110 uo It s o-c 
single Phose 
• 
R " R2 , 
L 
C 
T 
183 ohms 
.84 henry 
8 . 4 microfarad 
Figs. 5,6 
95 uol ts a-c 
three phase 
1:1 ratio i sola tion transformer 
with two seconda ry windings 
F l eure 5. - Power supply for preien ition indicator. 
I , 12 c .3 ampere 
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Fieure 6. - vector diaeram for powe r supp ly. 
